The aims of this study were to demonstrate the trends in seropositivity and the eradication therapy rate for Helicobacter pylori (H. pylori) over an 18-year period in an asymptomatic Korean population and to explore the factors associated with H. pylori seropositivity and its eradication therapy. In total, 23,770 subjects (aged 17-97 years) from a health examination center participated in this cross-sectional study from January 2016 to June 2017. Questionnaires that included questions about the participants' H. pylori eradication therapy history were collected, and anti-H. pylori IgG antibodies were measured. Among the eligible subjects, the seroprevalence of H. pylori infection was 41.5%. The H. pylori eradication therapy rate increased continuously from 2005 (13.9%) to 2011 (19.3%) and then increased again until the first half of 2017 (23.5%) (P < 0.001). After exclusion of subjects with a history of gastric surgery, gastric cancer, H. pylori eradication therapy, or gastric symptoms, H. pylori seropositivity was 43.9% in 16,885 subjects, which was significantly lower than the seropositivities in 1998 (66.9%), 2005 (59.6%), and 2011 (54.4%). The risk factors associated with H. pylori seropositivity according to multivariable analysis were male sex (odds ratio (OR) 1.34, 95% confidence interval (CI): 1.23-1.46), medium educational level (OR 1.17, 95% CI: 1.05-1.31), medium household income level (OR 1.10, 95% CI: 1.03-1.19), and age of 60-69 years (OR 8.78,). The observed downward trend in H. pylori PLOS ONE | https://doi
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Introduction
Helicobacter pylori (HP) thrives on gastric mucosa in humans and is a major causative factor in peptic ulcer disease and gastritis [1] . It has also been implicated as a factor contributing to gastric adenocarcinoma, gastric mucosa-associated lymphoid tissue lymphoma, and extragastrointestinal diseases, such as cardiovascular diseases, neurological disorders, immunologic impairment, and asthma [1] [2] [3] .
The prevalence of HP infection has declined in recent decades in most countries [4] . Approximately one-third of all adults in Northern Europe and North America are infected with HP, and the prevalence is higher than 50% in Africa, Central and South America, Asia, and Southern and Eastern Europe [4] . Consequently, HP infection affects more than half the adult population, with some geographical variation in that estimate [5] . The lower prevalence of HP infection in developed countries than in developing countries has been attributed to better hygiene and living conditions, which reduce the spread of HP [6, 7] .
In South Korea, studies reported a decrease in the seroprevalence of HP infection from 1998 [8] to 2005 [9] , and to 2011 [10] . However, the change in the seroprevalence of HP infection between 2005 and 2011 was not as large as that between 1998 and 2005 [5] . As South Korea is in a dynamic transition from being a developing country into being a developed country, it may be desirable to evaluate the current seroprevalence of HP infection to support the development of health policies to prevent HP-related diseases. In addition, understanding provincial trends over time in terms of the prevalence and factors associated with HP infection may facilitate effective population-scale healthcare planning worldwide.
Therefore, we hypothesized that the amount of the decrease in HP seropositivity could vary provincially over time according to the pace of socioeconomic development. Based on this hypothesis, the aims of this study were to investigate the trends in the seroprevalence and the eradication therapy rate of HP infection, and to evaluate the factors associated with HP seropositivity over time from 1998 to the first half of 2017 in asymptomatic Korean adults stratified by province.
Materials and methods

Study design and population
We conducted a cross-sectional nationwide multicenter study from March 2016 to June 2017 (henceforth abbreviated as 2016-2017) and this study has been written in accordance with the STROBE (Strengthening The Reporting of Observational Studies in Epidemiology) statement guidelines (S1 Table) [11] . A total of 24,471 adult subjects aged 16 years or older visited a healthcare center or an outpatient medical clinic for a routine health examination during the study period and got an esophagogastroduodenoscopy and serologic tests, simultaneously.
The 10 healthcare centers that participated in this study were secondary or tertiary academic hospitals located in Seoul and the nine provinces of South Korea, namely, Gyeonggi, Kangwon, North and South Chungcheong, North and South Cholla, North and South Kyungsang, and Jeju (Fig 1) . The specific institutions were Seoul National University Hospital Gangnam Center (SNUHGC), which receives subjects from all over the country but mainly from Seoul, the capital of South Korea, where it is located; Seoul National University Bundang South Korea; and Jeju National University Hospital serves Jeju-do, the largest island off the coast of the Korean peninsula and main island in Jeju Province.
Among the subjects enrolled prospectively under a predefined protocol, 23,770 were eligible after the exclusion of subjects with a prior history of gastric surgery or gastric cancer (GC) or subjects who were foreigners or Koreans living overseas (Fig 2) . Among the 23,770 eligible subjects, 138 subjects who did not respond or could not remember whether they had previously received HP eradication therapy, and 5,563 subjects who reported a history of having received HP eradication therapy, were excluded in order to avoid uncertainty in the interpretation of the results of the anti HP-IgG, and to prevent false positivity or false negativity about HP seroprevalence, respectively (Fig 2) .
Data collection
Serologic evaluation for Helicobacter pylori status. A blood sample was obtained from each participant in the morning after overnight fasting at the same time the interview was conducted, and the serum was separated by centrifugation. The serum was collected and stored according to the same protocol in each hospital. The collected serum from SNUHGC was analyzed at SNUHGC, and all collected serum samples from the nine other provincial hospitals were transferred to and analyzed at the Health Innovation Park of SNUBH.
The diagnosis of HP infection was based on the detection of serum HP immunoglobulin G antibody (anti-HP IgG) using two commercially available immunoassay kits. HPG kits (Immulite 2000 CMIA, Siemens, UK) were used at the SNUHGC, and Genedia HP ELISA kits (Green Cross Medical Science Corp., Eumsung, Korea) were used at the remaining centers [10] . The HPG kit used a chemiluminescent enzyme immunoassay and had a sensitivity of 91% and a specificity of 100% [12, 13] . Anti-HP IgG levels higher than 1.10 IU/mL were regarded as positive in the Immulite 2000 assay, while values in the range from 0 to 1.09 IU/ mL were considered negative. The Genedia HP ELISA test, which was developed from Korean HP strains, had a sensitivity of 97.8% and a specificity of 92% [14] and was previously validated in three nationwide Korean seroepidemiologic studies [8] [9] [10] .
Behavioral factors and previous medical history. All subjects were invited to respond to a questionnaire, which was similar to a questionnaire used in a previous study [10] , under the supervision of a well-trained interviewer. The questionnaire requested information regarding demographics (i.e., sex, age, and residence), socioeconomics (i.e., monthly household income and educational level), and medical history (such as HP eradication therapy, history of gastric surgery or GC, and smoking habits), and upper gastrointestinal (GI) symptoms (such as indigestion, bloating, or epigastric soreness), that persisted for at least one month within the last 3 years.
The participants were classified according to smoking status as follows: nonsmoker, exsmoker, or current smoker, with current smoking defined as regular smoking during the previous 12 months. All participants were categorized into the following 7 residential districts according to the geographical location of their residence at the time of examination: Seoul, Gyeonggi, Chungcheong, Kyungsang, Cholla, Kangwon, and Jeju (Fig 1) . Each subject was categorized into one of 3 following education levels: low (middle school graduate or less; education duration 9 years), medium (high school graduate or university dropout; education duration between 10 and 12 years), and high (university graduate or postgraduate; education duration ! 13 years). The participant's monthly household income was classified into one of the 3 following groups: low (<3,000 US dollars per month), medium (3,000 to 10,000 US dollars per month), and high (>10,000 US dollars per month).
Statistical analysis
Dependent variable was HP seropositivity, and independent variables were all the other variables such as sex, age group, resident area, or socioeconomic factors in this study. Student's ttest or the Mann-Whitney test for continuous variables and the chi-squared test for categorical variables were used to analyze differences in demographic and clinical variables according to HP seropositivity. To explore the factors associated with HP seropositivity and the factors associated with a history of HP eradication therapy, multivariable logistic regression was used. The odds ratios (OR) and 95% confidence intervals (CI) were calculated. A two-tailed Pvalue < 0.05 was considered statistically significant. The trends in the HP seroprevalence in the periods between 1998, 2005, 2011, and 2016-2017 were compared using the published data of 1998 [8] , 2005 [9] , and 2011 [10] , with the data restricted to asymptomatic subjects without a history of HP eradication therapy or gastric operation. The statistical comparison of the trends in the HP seroprevalence between 1998, 2005, 2011, and 2016-2017 was conducted using the Cochrane-Armitage trend test, which is a modified Pearson chi-squared test that analyzes the association between a binary outcome and a variable with multiple categories. All statistical analyses were performed with SPSS (SPSS 22.0J, IBM, New York, USA) and the DescTools packages in R version 3.4.3.
Ethics statement
Written informed consent was obtained from each participant or the participant's parent.
This study was approved by the Institutional Review Board for Seoul National University Hospital (IRB No. H-1602-057-740).
Results
Seroprevalence of HP infection in all eligible subjects
In total, there were 23,770 eligible subjects; the mean age of the eligible subjects was 51.7±11.6 years, and 41.5% (9,871/23,770) of the subjects were seropositive for anti-HP IgG. Table 1 shows the demographic and clinical characteristics of the participants as well as the seroprevalence of each group. The seroprevalence of HP infection was significantly higher in males than in females (43.2% vs. 39.5%, P < 0.001) (Fig 3A) . Seropositivity tended to increase with age, although it decreased slightly in the older age group (P < 0.001); seropositivity increased from 9.5% in subjects aged 16-19 years to 46.0% in subjects aged 60-69 years and then decreased to 43.9% in the group older than 70 years ( Fig 3B) . When the data were stratified according to geographical residence, Seoul had the lowest seroprevalence of HP infection (38.8%), followed by Gyeonggi (40.6%). Most geographical areas, with the exception of Cholla and Jeju, had anti-HP IgG prevalence values less than 50% (Fig 3C) . There was no difference in HP seropositivity between participants with and without upper GI symptoms (41.5% vs 41.6%, P = 0.954) ( Table 1) .
History of HP eradication therapy
Among the 23,770 eligible subjects, 138 subjects did not respond or could not remember whether they had previously received HP eradication therapy, and were excluded to avoid uncertainty in the interpretation of the results of the anti-HP IgG test. Of remaining subjects, 5,563 (23.5%, 5,563/23,632) reported a history of having received HP eradication therapy, regardless of the outcome of therapy (henceforth, "the proportion of subjects who received HP eradication therapy" is termed "the HP eradication therapy rate" to avoid confusion with "the HP eradication rate") (Fig 2) . A comparative analysis of HP eradication therapy rate among the eligible subjects in 2005, 2011, and 2016-2017 was performed, and the data from 2005 [9] and 2011 [10] were explored ( (Fig 4A) . Serological testing of the 5,563 subjects demonstrated that 66.2% (3,680/5,563) were negative for anti-HP IgG, and 33.8% were positive. We also found that among the subjects who had previously undergone HP eradication therapy in each study, the percent of the subjects who were seronegative for HP increased from 59.9% in 2005 to 66.2% in 2016-2017 (trend https://doi.org/10.1371/journal.pone.0204762.g003 P < 0.0001) (Fig 4B) . The rate of HP eradication therapy increased with increasing age, except in two age groups (16-19 and 20-29 years) (Fig 5) . When the data were stratified according to geographical area, the rate of HP eradication therapy showed significant increasing trends in most areas over time, although the changes in two areas, Kyungsang and Kangwon, failed to reach statistical significance (Fig 6) .
Factors affecting HP eradication
Logistic regression analysis of the factors influencing whether a subject received HP eradication therapy showed that those subjects aged 60 years and older were more likely to have Seroprevalence and factors associated with HP seropositivity in asymptomatic subjects without a history of HP eradication therapy
Among the 23,770 eligible subjects, 16,885 subjects were asymptomatic and had no history of having received HP eradication therapy (Fig 2) . The seroprevalence of HP infection among these study subjects was 43.9% (7,416/16,885) . Males had a higher seroprevalence of HP infection than females (47.1% vs 40.4%, P < 0.0001) ( Table 4) . When the data were stratified according to geographical area, it was revealed that the seroprevalence of HP infection was 41.4% in Seoul, 43.0% in Gyeonggi, 50.3% in Chungcheong, 50.6% in Kyungsang, 57.4% in Cholla, 47.8% in Kangwon, and 61.5% in Jeju (Table 4) . Multivariable analysis of the factors related to HP seropositivity in asymptomatic subjects without a history of HP eradication therapy showed that there were significant associations between seropositivity and sex, age, geographical area, economic status, and educational level (Table 4) . Males had a higher likelihood of HP seropositivity than females (OR = 1.34, 95% CI: 1.23-1.46, P < 0.0001). Analysis of the data by age group revealed that the likelihood of HP seropositivity increased in a nearly linear fashion from subjects aged 30-39 years to those aged 60-69 years but that the likelihood of HP seropositivity was slightly lower in those older than 70 years than in Table 4 ). Subjects living in Seoul had a lower likelihood of HP seropositivity than subjects living in the other provinces, except for Gyeonggi. However, the statistical significance of the positive association with HP seropositivity in Cholla and Jeju disappeared when adjusted for other confounders. Subjects with lower (low and medium) household income levels and lower (low and medium) educational levels had a higher likelihood of HP seropositivity compared with those with high levels of income and education. However, statistical significance was only observed in subjects with medium income and medium educational levels ( Table 4) .
Comparison of HP seroprevalence in asymptomatic subjects without a history of HP eradication therapy in 2016-2017, 2011, 2005, and 1998
The HP seroprevalence was compared based on the data from 1998 study [8] by the Korean HP Study Group, and from 2005 [9] , 2011 [10] , and 2016-2017 studies by our group. The (Fig 7A) .
The HP seroprevalence decreased significantly in all age groups from 1998 to 2016-2017 (trend P < 0.05) (Fig 7B) . Out of all the age groups assessed, the largest decrease in seropositivity was observed in the group aged 30-39 years (from 74-29%) and the smallest was detected in the group aged 70 years and older (from 67-52%). In contrast with what was observed between 2005 and 2011, a nearly consistent decrease in seroprevalence was detected across all age groups between 2011 and 2016-2017. The prevalence of seropositivity showed a significant Subjects with missing values were excluded. Odds ratio (OR) was mutually adjusted for all factors.
HP, Helicobacter pylori;
No, number; OR, odds ratio; CI, confidence interval † Household income was classified as low (less than US $ 3,000 per month), medium (US $ 3,000 to 10,000 per month), or high (more than US $ 10,000 per month) ‡ Educational level was classified as low (middle school graduates or less), medium (high school graduates or university dropouts), or high (university graduates or graduates of a postgraduate course). Bold font indicates statistical significance.
https://doi.org/10.1371/journal.pone.0204762.t004
downward trend in all geographical areas over time (each trend P < 0.05), although the seropositivity in Jeju increased slightly in 2016-2017 (61.5%) compared with that in 2011 (58.9%) (Fig 8) .
Discussion
In this large nationwide cohort study in South Korea, the HP seroprevalence was 43.9% in adults aged ! 16 years, and 23.5% of participants had received HP eradication therapy. In addition, four Korean HP prevalence studies using serum anti-HP IgG in 1998 [8] , 2005 [9] , 2011 [10] , and 2016-2017 showed a clear decrease in the prevalence from 66.9% to 43.9% over time, regardless of age, sex, or geographical area. This decline may be attributed to the changes associated with higher socioeconomic status, better sanitary conditions, and greater distribution of nuclear family [4, 5, 15] . In addition, an individual's dietary habits, income spent on healthcare, and environmental factors other than the factors identified in this study, may influence the HP seroprevalence; the current study could not explore these potentially contributing factors. The observed decrease in the seroprevalence of HP infection over time is in agreement with the decline in the prevalence of HP infection in developed countries reported in a recent systemic review [16] of the global prevalence of HP infection. Hooi et al. reported that the prevalence of HP has been declining in the highly industrialized countries of the Western world, whereas the prevalence plateaued at a high level in developing and newly industrialized countries, at the turn of the 21st century [16] . Although the decline in seroprevalence over time may have resulted from the birth-cohort phenomenon among different generations [4, 17] , spontaneous or unintended eradication of HP during that period may have partly contributed to the decrease in prevalence observed in the current study. The seroprevalence of HP infection in this study increased gradually with increasing age, as in previous studies [8, 9] . However, a very low seropositivity (6%) was observed in subjects aged 16-19 years, which was similar to the pattern observed in developed countries [4, 17] . The increasing prevalence with increasing age observed in this study is largely explained by the birth-cohort effect, with decreasing colonization rates in subsequent generations [4, 15, 17] . The decrease in seropositivity observed in subjects older than 70 years after the peak in the previous decade may be explained by the loss of HP following the development of atrophic gastritis, following coincidental treatment with antibiotics, or following the development of immunity without extensive host injury [17] .
In terms of the geographical area, an overall declining trend in seropositivity was observed in all areas, including Kyungsang and Kangwon, which had showed no significant decline between 2005 and 2011. In contrast to the overall trend, the seroprevalence in Jeju increased from 59% in 2011 to 61% in 2016-2017; this increase might have reflected an influx of population into the area, stochastic variation, or an increasing incidence of HP in adults on this island. Jeju is the province in Korea preferred by many elderly, especially after retirement. Therefore, there may be a high probability of an influx of seniors into Jeju Province, recently. In practice, in Jeju Province, the seropositivity among subjects aged 50-59 and 60-69 was 66.7% and 82.5% in 2016-2017, respectively, compared with 59.0% and 52.0% in 2011, respectively (S1 Fig). There have been many studies about the HP eradication (success) rate; however, to the best of our knowledge, there have been no published reports, other than studies performed by our group [9, 10] about the rate of HP eradication therapy, i.e. the proportion of subjects who received HP eradication therapy regardless of the outcomes of eradication, which is considered an important index to clarify the current clinical situation. The rate of HP eradication therapy in the current study, regardless of the outcome, was 23.5%, which was significantly higher than the 13.9% reported in 2005, and this number has increased over time from 2005 to 2016-2017 (trend P < 0.05). The factors underlying this increase may not be due to an increased incidence of HP-related diseases, including peptic ulcer diseases (PUD), which are the main indication for HP eradication therapy, but rather due to easier access to medical information and medical services and/or change over time in the guidelines defining the target population for HP eradication therapy in South Korea. [24] , and this expansion of target population may have increased the rate of HP eradication therapy. In addition, in the current study, the seronegativity among the subjects who had undergone prior HP eradication therapy was 66.2%, which was increased from 59.9% in 2005 and 65.5% in 2011, and this rate has increased significantly over time from 2005 to 2016-2017 (trend P < 0.05). Despite the limitation of evaluating the rate of HP eradication therapy based on serological tests and self-administered questionnaires, this finding might facilitate a prediction of the changes in the prevalence of GI diseases and increase the understanding of the current public health situation in Korea. The 16-year HP eradication rate after standard triple therapy was 74.6% (95% CI, 72.1-77.2%) on an intention-to-treat analysis and 82.0% (95% CI, 80.8-83.2%) on a per-protocol analysis according to a meta-analysis in Korea [25] .
Several studies have investigated the risk factors associated with HP infection, and the most frequent independent risk factors for HP infection are the location of residence in rural areas, poor sanitation, overcrowding, low educational level, and low socioeconomic status [4] . The current study identified older age, medium levels of education, medium levels of income, and male sex as risk factors for HP seropositivity. These factors were constant risk factors over time when adjusted for likely confounders.
In terms of biological sex as a risk factor for HP seropositivity, most studies reported no significant difference in HP seroprevalence between males and females [4] . However, this study showed a strongly increased risk of HP seropositivity among men compared with women, which was consistent with the finding in other reports [26] [27] [28] including previous reports from South Korea [8] [9] [10] 28, 29] . The importance of this sex-specific difference in the HP seroprevalence is still unclear and controversial. However, this finding may partially explain the predominance of male patients with HP-related adult diseases in South Korea, including PUD [30] and GC [31] .
The strengths of this study were the relatively large sample size (23,770 eligible subjects and 16,885 participants, aged 17-93) and the national scale of the study. Moreover, a comparison of several indexes, including the changes in the rate of HP eradication therapy over time, could be performed because of the existence of a series of studies with the same format.
This study also had several limitations. First, it is inevitable that a few false-positive or falsenegative results have been included in this study, because the serum level of anti-HP IgG antibodies was used as a diagnostic tool. To reduce the false-positive rate, subjects undergoing HP eradication therapy were excluded because seroconversion is very slow after HP eradication, and the anti-HP specific IgG may remain positive even in eradicated cases [32] . However, serologic tests are widely available, noninvasive, inexpensive and appropriate for screening in large epidemiologic studies [12] . Second, the medium-to-high socioeconomic status of our study subjects might also lead to selection bias. Third, we calculated the proportion of subjects receiving HP eradication therapy ("the rate of HP eradication therapy") and the prevalence of HP seronegativity among the subjects who received HP eradication treatment ("putative eradication rate") using a self-reported questionnaire. Although the questionnaire was administered under the supervision of a well-trained interviewer, there could still be information bias. Fourth, this analysis did not include the possible effects of other environmental factors, such as dietary habits, income spent on healthcare, or national screening strategies, on the change in the HP seroprevalence or the change in the rate of HP eradication therapy. For the sake of simplicity, this nationwide and multicenter study did not take into dietary habits and other environmental factors.
In conclusion, a downward trend in the seroprevalence of HP infection and an increase in the putative HP eradication rate were observed over a period of 18 years; both of these trends may influence the spectrum of upper GI disorders and suggest future changes in upper GI disorders in South Korea. 
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